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to achieve a satisfactory bond between the pipe and the walls of the wellbore because of 
drilling fluid that remained in the wellbore during primary cementing operations. 

Difficulty in removing portions of the drilling fluid is often caused by an increase in 
the gel strength of the drilling fluid* which is often due to the amount of time the drilling 
fluid has been left stagnant in the wellbore. In addition, polymeric viscosifiers and additives 
in the drilling fluid contribute to the formation of a filter cake that is generally very stable 
and can be difficult to remove. If appreciable drilling fluid and/or filter cake remain in the 
wellbore or on die walls of the wellbore, a satisfactory bond between the pipe, primary 
cement and the walls of the wellbore will not be achieved, which can lead to fluid leakage 
through the annul us and other problems. 

Removal of the drilling fluid and filter cake from the wellbore is often attempted by 
running flushes, washes or spacer fluids through the annulus between the pipe and the walls 
of the wellbore prior to cementing. Other methods for removing drilling fluid and preventing 
filter cake from interfering with subsequent primary cementing operations include at least 
partially displacing the drilling fluid with a settable spotting fluid composition (also referred 
to as a "settable spotting fluid") before the drilling fluid in the wellbore has had a chance to 
gain significant gel strength. Conventional settable spotting fluids include a material that sets 
over time, such as blast furnace slag, fly ash, and similar hydraulic components. Still other 
methods for achieving satisfactory primary cementing operations when deposits of filter cake 
are an issue include laying down a filter cake including a settable material on the walls of the 
wellbore and activating the settable materia] to set 

The present embodiments provide wellbore treating fluids in the form of settable 
spotting fluids that include zeolite as a settable material, and methods for causing the zeolite 
to set and using such settable spotting fluids in drilling operations. 

Description 

According to embodiments described herein, wellbore treating fluids comprising 
zeolite are introduced into a wellbore in the form of a settable spotting fluid. 

Methods according to the present embodiments provide for introducing a wellbore 
treating fluid comprising zeolite into a wellbore penetrating a subterranean zone, introducing 
a subsequent composition comprising a compressive strength-developing amount of an 
activator into the wellbore to displace all but a remaining portion of the wellbore treating 
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at least partially displaces mud from a wellbore, portions of the settable spotting fluid remain 
on the walls of the wellbore as part of the filter cake, and/or in permeable areas affecting the 
wellbore, such as fissures, fractures, caverns, vugs, thief zones, low pressure subterranean 
zones or high pressure subterranean zones, even if washes or spacer fluids are introduced into 
the wellbore subsequent to the settable spotting fluid. According to such an embodiment, a 
subsequent composition, for example, a drilling fluid, pill, spotting fluid or other mud, which 
contains at least one activator, is pumped into the wellbore. The subsequent composition is 
pumped into the wellbore, either after the settable spotting fluid, or after the washes or spacer 
fluids, if such are used. When the activator in the subsequent composition contacts the 
settable spotting fluid remaining in the filter cake and/or permeable areas, the activator 
causes the zeolite therein to set The activator is present in the subsequent composition in a 
compressive strength-developing amount, and may be one or more of calcium hydroxide, 
sodium silicate, sodium fluoride, sodium silicofluoride, magnesium silicofluoride, zinc 
silicofluoride, sodium carbonate, potassium carbonate, sodium hydroxide, potassium 
hydroxide, sodium sulfate, and mixtures thereof. Selection of the type and amount of an 
activators) largely depends on the type and make-up of the composition in which the 
activator is contained, and it is within the means of those of ordinary skill in the art to select 
a suitable type and amount of activator. 

According to yet another embodiment where portions of a settable spotting fluid 
comprising zeolite remain on the walls of the wellbore as part of the filter cake, and/or in 
permeable areas affecting the wellbore, primary cementing operations are performed by 
introducing a cement slurry containing at least one activator into the wellbore. The cement 
slurry can be introduced after the settable spotting fluid to displace the settable spotting fluid 
from the wellbore, or can be introduced after a wash or spacer fluid that was pumped into the 
wellbore after the settable spotting fluid. As the cement slurry is pumped, and as it begins to 
set in the wellbore, the activator therein diffuses into the settable spotting fluid remaining in 
the filter cake and/or permeable areas, and causes the zeolite to set The activator is present 
in the cement slurry in a compressive strength-developing amount, and may be one or more 
of calcium hydroxide, sodium silicate, sodium fluoride, sodium silicofluoride, magnesium 
silicofluoride, zinc silicofluoride, sodium carbonate, potassium carbonate, sodium hydroxide, 
potassium hydroxide, sodium sulfate, and mixtures thereof. Selection of the type and amount 
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fractures, caverns, vugs, thief zones, low pressure subterranean zones or high pressure 
subterranean zones effectively seals such permeable areas, thereby preventing the entry or 
flow of formation fluids into the annulus. 

Zeolites are porous alumino-silicate minerals that may be either a natural or 
manmade material. Manmade zeolites are based on the same type of structural cell as natural 
zeolites, and are composed of aluminosilicate hydrates having the same basic formula as 
given below. It is understood that as used in mis application, the term "zeolite" means and 
encompasses all natural and manmade forms of zeolites. All zeolites are composed of a 
three-dimensional framework of Si0 4 and A10 4 in a tetrahedron, which creates a very high 
surface area. Cations and water molecules are entrained into the framework. Thus, all 
zeolites may be represented by the crystallographic unit cell formula: 

M^KMO^CSiOiX] • xH 2 0 
where M represents one or more cations such as Na, K, Mg, Ca, Sr, Li or Ba for natural 
zeolites and NH«, CHjNH 3 , (CH 3 hNH, (CHj)^, Ga, Ge and P for manmade zeolites; ri 
represents the cation valence; die ratio of bra is in a range from greater than or equal to 1 and 
less than or equal to 5; and x represents the moles of water entrained into the zeolite 
framework. 

Preferred zeolites for use in the wellbore treating fluids of the present embodiments 
include analcime (hydrated sodium aluminum silicate), bikitaite (lithium aluminum silicate), 
brewsterite (hydrated strontium barium calcium aluminum silicate), chabazite (hydrated 
calcium aluminum silicate), clinoptilolite (hydrated sodium aluminum silicate), faujasite 
(hydrated sodium potassium calcium magnesium aluminum silicate), harmotome (hydrated 
barium aluminum silicate), heulandite (hydrated sodium calcium aluminum silicate), 
laumontite (hydrated calcium aluminum silicate), mesolite (hydrated sodium calcium 
aluminum silicate), natrolite (hydrated sodium aluminum silicate), paulingite (hydrated 
potassium sodium calcium barium aluminum silicate), phillipsite (hydrated potassium 
sodium calcium aluminum silicate), scolecite (hydrated calcium aluminum silicate), stellerite 
(hydrated calcium aluminum silicate), stilbite (hydrated sodium calcium aluminum silicate) 
and thomsonite (hydrated sodium calcium aluminum silicate). Most preferably, the zeolites 
for use in the wellbore treating fluids of the present embodiment include chabazite and 
clinoptilolite. 
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EXAMPLE 1 

Six settable spotting fluids ("Spots") were prepared by combining the components as 
set forth in TABLE 1 below. Specifically, the zeolite and the hydrated lime were dry-mixed 
by hand in a glass jar. This dry mix was then added over a 1 5 second period to a carrier fluid 
being maintained in a Waring blender at 4,000 RPM The blender speed was then increased 
to 1 2,000 RPM and mixing was continued for 35 seconds. 

According to the embodiments illustrated in Table 1, the carrier fluid was water. The 
amount of hydrated lime and water used to form each settable spotting fluid is reported in the 
table as a "% bwoZ", which indicates a weight percent based on the weight of the zeolite. 

Chabazite was used as the zeolite for Spots 1 - 4, and clinoptilolite was used as the 
zeolite for Spots 5 - 6. Each of these zeolites is commercially available from C2C Zeolite 
Corporation of Calgary, Canada. 

The compressive strength for each of Spots 1-6 was determined by Non-Destructive 
Sonic Testing as set forth in API Specification 10B 22nd Edition, 1997, of the American 
Petroleum Institute, the entire disclosure of which is incorporated herein by reference as if 
reproduced in its entirety. As reported in Table 1 , the compressive strength was measured at 
160°F at the reported elapsed times. The measured compressive strength is reported in Table 
1 in pounds per square inch (psi). 
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spotting fluids are used 

The compressive strength data also illustrates that settable spotting fluids comprising 
zeolite and water develop an early compressive strength, which increases over time. This 
illustrates that the zeolite will set, and is a satisfactory substitute for settable material, such as 
blast furnace slag, fly ash and other hydraulic materials, used in conventional settable 
spotting fluids. In the settable spotting fluids of Example 1, setting of the zeolite was caused 
by the lime, also known as calcium hydroxide, which is a known activator for converting 
settable material in conventional settable spotting fluids. Thus, when an activator, such as 
lime, is brought into contact with a wellbore treating fluid comprising zeolite, such as the 
settable spotting fluids illustrated herein, the activator causes the zeolite to set 

Contact between an activator and a settable material can be accomplished by various 
methods well known to those of ordinary skill in the ait The addition of the lime and zeolite 
together in a settable spotting fluid as described in this example simulates two of the various 
methods suitable for bringing an activator into contact with the zeolite. According to the first 
method simulated by this example, zeolite from wellbore treating fluids, such as the settable 
spotting fluids illustrated herein, remains on the walls of the wellbore as part of the filter 
cake, and/or in permeable areas affecting the wellbore, such as fissures, fractures, caverns, 
vugs, thief zones, low pressure subterranean zones or high pressure subterranean zones, even 
if subsequent washes or spacer fluids are used to displace the wellbore treating fluid An 
activator is brought into contact with the zeolite remaining in the wellbore by circulation of a 
subsequent composition, such as a drilling fluid, pill, spotting fluid or other mud, which 
contains the activator According to the second method simulated by this example, an 
activator is brought into contact with the zeolite remaining in the wellbore by diffusion of an 
activator contained in a cement slurry that is subsequently pumped into the wellbore during 
primary cementing operations. 

The two methods simulated by this example are exemplary only, as a variety of 
methods for bringing a settable material into contact with an activator, which are well known 
to those of ordinary skill in the art, are suitable for use with the present embodiments. 
Example 2 illustrates yet another method 
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Days 5 and 6 as reported in Table 2B were determined. The compressive strengths are 
reported in Table 2B in pounds per square inch ("psi"). To determine the compressive 
strength, each of Spots 1, 2 and 3 were placed in sealed cylindrical plastic containers, 2 
inches in diameter by 4 inches in height Each plastic container was placed in a water bath at 
the temperature reported in Table 2B, under atmospheric pressure, for the time periods 
reported in Table 2B. Each plastic container was then removed from the water bath, allowed 
to cool, and the cylindrical samples were demolded. The top end of each cylindrical sample 
was cut using a tile saw to give a smooth and level surface. The remainder of the sample was 
then placed in a Tinius Olsen universal testing machine and the compressive strength 
determined according to operating procedures for the universal testing machine. 

TABLE 2B 



Spot #: Test Temp. 


Time 
Day 1 


Time 
Day 2 


Time 
Day 3 


Time 
Day 4 


Time 
Day 5 


Time 
Day 6 


Spot 1: Temp: 140 
°F 


<10 

lb/100 ft 2 


<10 

lb/100 ft 2 


<10 

lb/100 ft 2 


-100 
lb/100 ft 2 


gel 

turned to 
solid 


> 250 psi- 


Spot 2: Temp: 160 


<10 

lb/100 ft 2 


<10 

lb/100 ft 2 


< 10 
lb/100 ft 2 


gel 

turned to 
solid 


> 280 psi 


not taken 


Spot 3: Temp: 190 


< 10 

lb/100 ft 2 


<10 

lb/100 ft 2 


< 10 

lb/100 ft 2 


-100 
lb/100 ft 2 


gel 

turned to 
solid 


> 230 psi 



The gel strength and compressive strength data indicates that wellbore treating fluids 



<SDOCID: <WO 200SOS9301A1_I_> 



WO 2005/059301 PCT/GB2004/004899 

14 

compositions, remedial compositions, well cleanup fluids, workover fluids, spacer fluids, 
gravel pack fluids, acidizing fluids, fracturing fluids, conformance fluids and the like can be 
prepared using zeolite and a carrier fluid. Accordingly, improved methods of the present 
invention comprise preparing a wellbore treating fluid using at least one carrier fluid and 
zeolite, as previously described herein, and placing the fluid in a subterranean formation. 
Other methods according to the present embodiments include performing drilling operations, 
completing and/or stimulating a subterranean formation, and performing primary cementing 
operations using a wellbore treating fluid comprising zeolite and at least one carrier fluid. 

Other embodiments of the current invention will be apparent to those skilled in the art 
from a consideration of this specification or practice of the invention disclosed herein. 
However, the foregoing specification is considered merely exemplary of the current invention 
with the true scope and spirit of the invention being indicated by the following claims. 
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after the introducing of the drilling fluid. 

9. The method of claim 1 wherein the introducing of the subsequent composition 
comprises: 

introducing a cement slurry comprising a compressive strength-developing amount of 
at least one activator into the wellbore; and 

allowing the at least one activator to diffuse into contact with the zeolite in the 
remaining portion of the wellbore treating fluid 

10. The method of claim 9 wherein the at least one activator is selected from the group 
consisting of calcium hydroxide, sodium silicate, sodium fluoride, sodium silicofluoride, 
magnesium silicofluoride, zinc silicofluoride, sodium carbonate, potassium carbonate, 
sodium hydroxide, potassium hydroxide, sodium sulfate, and mixtures thereof. 

11. The method of claim 1 wherein the introducing of the subsequent composition 
comprises: 

introducing at least one of a mud, a spotting fluid, a pill and a cement slurry 
comprising a compressive strength-developing amount of at least one activator into the 
wellbore. 

12. The method of claim 1 1 wherein the at least one activator is selected from the group 
consisting of calcium hydroxide, sodium silicate, sodium fluoride, sodium silicofluoride, 
magnesium silicofluoride, zinc silicofluoride, sodium carbonate, potassium carbonate, 
sodium hydroxide, potassium hydroxide, sodium sulfate, and mixtures thereof. 

13. The method of claim 1 wherein the zeolite is represented by the formula. 

N^AlCbUSiO^] • xH 2 0 
where M represents one or more cations selected from the group consisting of Na, K, 
Mg, Ca, Sr, Li, BaJJH«, CH 3 NH 3 , (CH,)^ (CH 3 )<N, Ga. Ge and P; n represents the cation 
valence; the ratio of b:a is in a range from greater than or equal to 1 and less than or equal to 
5; and x represents the moles of water entrained into the zeolite framework. 

14. The method of claim 1, wherein the zeolite is selected from the group consisting of 
analcime, bikitaite, brewsterite, chabazite, clinoptilolite, raujasite, harmotome, heulandite, 
laumontite, mesolite, natrolite, pautingite, phillipsite, scolecite, stellerite, stilbite, and 
thomsonite. 

1 5. The method of claim 1 wherein the at least one carrier fluid comprises a water-based 
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sodium hydroxide, potassium hydroxide, sodium sulfate, and mixtures thereof. 

25. The method of claim 19 wherein the at least one retarder is selected from the group 
consisting of lignosulfonates, citric acids, tartaric acids, gluconic acids, organic acids having 
an a-hydroxy group, and combinations thereof. 

26. The method of claim 19 further comprising placing a cement slurry in the wellbore 
after the introducing of the subsequent composition. 

27. The method of claim 19 wherein the introducing of the subsequent composition 
comprises introducing at least one of a mud, a spotting fluid, a pill and a cement slurry into 
the wellbore. 

28. The method of claim 27 wherein the subsequent composition comprises at least one 
activator. 

29. The method of claim 28 wherein the at least one activator is selected from the group 
consisting of calcium hydroxide, sodium silicate, sodium fluoride, sodium silicofluoride, 
magnesium silicofluoride, zinc silicofluoride, sodium carbonate, potassium carbonate, 
sodium hydroxide, potassium hydroxide, sodium sulfate, and mixtures thereof. 

30. The method of claim 19 wherein the zeolite is represented by the formula: 

M^KAlOjUSiOj^l-xHjO 
where M represents one or more cations selected from the group consisting of Na, K, 
Mg, Ca, Sr, Li, BaJMH4, CH 3 NH 3 , (CH 3 >3NH, (CHj)^, Ga, Ge and P; n represents the cation 
valence; the ratio of bra is in a range from greater than or equal to 1 and less than or equal to 
5; and x represents the moles of water entrained into the zeolite framework. 

31. The method of claim 19 wherein the zeolite is selected from the group consisting of 
analcime, bikitaite, brewsterite, chabazite, clinoptilolite, faujasite, harmotome, heulandite, 
laumontite, mesolite, natrolite, paulingite, phillipsite, scolecite, stellerite, stilbite, and 
thomsonite. 

32. The method of claim 19 wherein the at least one carrier fluid comprises a water-based 
carrier fluid in an amount of from about 1 00 to about 200 percent by weight of the zeolite. 

33. The method of claim 19 wherein the at least one carrier fluid is selected from the 
group consisting of water and water-based gels. 

34. The method of claim 19 wherein the at least one carrier fluid is selected from the 
group consisting of fresh water, unsaturated salt solution, brine, seawater, and saturated salt 
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4 1 . The settable spotting fluid of claim 38 further comprising at least one activator and at 
least one retarder. 

42: The settable spotting fluid of claim 4 1 wherein the at least one activator is present in 
a compressive strength-developing amount 

43. The settable spotting fluid of claim 4 1 wherein the at least one activator is selected 
from the group consisting of calcium hydroxide, sodium silicate, sodium fluoride, sodium 
silicofluoride, magnesium silicofluoride, zinc silicofluoride, sodium carbonate, potassium 
carbonate, sodium hydroxide, potassium hydroxide, sodium sulfate, and mixtures thereof 

44. The settable spotting fluid of claim 41 wherein the at least one retarder is selected 
from the group consisting of lignosulfonates, citric acids, tartaric acids, gluconic acids, 
organic acids having an a-hydroxy group, and combinations thereof. 

45. The method of claim 38 wherein the at least one carrier fluid comprises a water-based 
carrier fluid in an amount of from about 100 to about 200 percent by weight of the zeolite. 

46. The method of claim 38 wherein the at least one carrier fluid is selected from the 
group consisting of water and water-based gels. 

47. The method of claim 38 wherein the at least one carrier fluid is selected from the 
group consisting of fresh water, unsaturated salt solution, brine, seawater, and saturated salt 
solution. 

48. The method of claim 38 wherein the at least one carrier fluid comprises an oil-based 
fluid selected from the group consisting of canola oil, kerosene, diesel oil, fish oil, mineral 
oil, sunflower oil, corn oil, soy oil, olive oil, cottonseed oil, peanut oil and paraffin. 
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